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1 

A device for shortening hairs by means of laser induced optical breakdown efTects 



The invention relates to a device for shortening hairs comprising a laser source 
for generating a laser beam during a predetermined pulse time, an optical system for focusing 
the laser beam into a focal spot, and a laser beam manipulator for positioning the focal spot in 
a target position. 

5 

A device for shortening hairs of the kind mentioned in the opening paragraph 
is known from WO-A-00/62700. The known device is a laser shaver which is suitable for use 
by non-professional persons, i.e. which is suitable for the consumer market, as a result of the 

10 fact that the device comprises a system which automatically positions the focal spot of the 
laser beam in a target position which corresponds to a position on a hair near the skin surface 
where the hair has to be melted, evaporated or burnt through. The laser beam of the known 
device has a wavelength for which the hair tissue has relatively high linear absorption 
properties. Preferably, a dimension of the focal spot of the laser beam corresponds to a 

1 5 diameter of the hairs, so that a hair present in the focal spot is locally heated in a uniform 

manner through its entire diameter. A sufficient amount of laser energy is concentrated in the 
focal spot, so that the portion of the hair present in the focal spot will melt, evaporate or bum 
and the hair is shortened. 

A disadvantage of the known device for shortening hairs is that the total 
20 amount of energy, which is necessary to melt, evaporate or bum a hair through its entire 
diameter, is relatively high. Typically an amount of energy of 4 to 5 mJ is required to 
thermally break or cut a hair by means of the known device. In most cases said amount of 
energy is too high to avoid irritation or damage of the skin tissue surrounding the hair. 

25 

It is an object of the present invention to provide a device for shortening hairs 
of the kind mentioned in the opening paragraph by means of which hairs can be shortened by 
means of a significantly reduced amount of laser energy, so that irritation and damage of the 
skin tissue surrounding the hair are prevented as much as possible. 
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2 

In order to achieve said object, a device for shortening hairs in accordance 
with the invention is characterized in that a dimension of the focal spot and a power of the 
generated laser beam are such that, in the focal spot, the laser beam has a power density 
which is above a characteristic threshold value for hair tissue above which, for the 
5 predetermined pulse time, a laser induced optical breakdown phenomenon occurs in the hair 
tissue. 

In general, laser induced optical breakdown (LIOB) occurs in media, which 
are transparent or semi-transparent for the wavelength of a pulsed laser beam, when the 
power density of the laser beam in the focal spot exceeds a threshold value which is 

10 characteristic for the particular medium. Below the threshold value, the particular medium 

has relatively low linear absorption properties for the particular wavelength of the laser beam. 
Above the threshold value, the medium has strongly non-linear absorption properties for the 
particular wavelength of the laser beam, which are the result of ionization of the medium and 
the formation of plasma. This LIOB phenomenon results in a number of mechanical effects, 

15 such as cavitation and the generation of shock waves, which damage the medium in positions 
surrounding the position of the LIOB phenomenon. 

From experiments it appeared that the LIOB phenomenon can be used to break 
and shorten hairs growing from skin. Hair tissue is transparent or semi-transparent for 
wavelengths between approximately 500 nm and 2000 nm. For each value of the wavelength 

20 within this range, LIOB phenomena occur in the hair tissue at the location of the focal spot 
when the power density of the laser beam in the focal spot exceeds a threshold value which is 
characteristic for the hair tissue. Said threshold value is rather close to the threshold value 
which is characteristic for aqueous media and tissue and is dependent on the pulse time of the 
laser beam. In particular, the threshold value of the required power density (W/cm^) 

25 decreases when the pulse time increases. It appeared that, in order to achieve mechanical 
effects as a result of the LIOB phenomenon which are sufficiently effective so as to cause 
significant damage, i.e. at least initial breakage of a hair, a pulse time in the order of, for 
example, 10 ns suffices. For this value of the pulse time, the threshold value of the power 
density of the laser beam in the focal spot is in the order of 2*10^° W/cm^. For the described 

30 pulse time and with a sufficiently small focal spot size obtained, for example, by means of a 
lens having a sufficiently large numerical aperture, this threshold value can be achieved with 
a total pulse energy of only a few tenths of a mJ. This total amount of pulse energy is 
significantly smaller than the total amount of pulse energy required to cause thermal 
breakage of the hair by means of the device known from WO-A-00/62700, and it appeared 
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that for such values of the total pulse energy irritation and damage of the skin tissue 
surrounding the hair are limited to an acceptable level or even substantially completely 
prevented. An additional advantage of the invention is the occurrence of the so-called plasma 
shielding effect in the focal spot, which means that, as a result of the LIOB phenomenon, 
5 substantially all energy of the laser beam is absorbed in the focal spot. As a result, the device 
according to the invention has a relatively high efficiency, and irritation and damage of the 
skin tissue in positions behind the focal spot are prevented. 

A particular embodiment of a device for shortening hairs in accordance with 
the invention is characterized in that a wavelength of the laser beam is between 800 nm and 

10 1300 nm. For wavelengths within this range, both hair tissue and skin tissue surrounding the 
hairs are semi-transparent. As a result, the focal spot of the laser beam can be positioned in a 
position in or on the hair below the skin surface, so that the device provides an optimum 
smoothness of the skin which is maintained for a relatively long time. Since the skin tissue 
and the hair tissue are semi-transparent for the wavelength of the laser beam and the LIOB 

15 phenomenon only occurs in the focal spot of the laser beam, only a relatively small portion of 
the energy of the laser beam is absorbed or scattered by the skin tissue and the hair tissue 
which are present in the laser beam between the laser source and the focal spot. As a result, 
hardly any irritation of said skin tissue and damage of said hair tissue occur, and a relatively 
large portion of the energy of the generated laser beam is used to effect the LIOB 

20 phenomenon in the focal spot. 

A further embodiment of a device for shortening hairs in accordance with the 
invention is characterized in that the wavelength is between 1000 nm and 1 100 nm. For 
wavelengths within this range, the linear absorption properties of the hair tissue are at a 
minimum, so that a maximum portion of the energy of the generated laser beam is used to 

25 generate the LIOB phenomenon in the focal spot of the laser beam. 

A particular embodiment of a device for shortening hairs in accordance with 
the invention is characterized in that the device comprises an image sensor for detecting an 
image of at least a portion of a skin with hairs to be shortened, an image recognizing system 
for determining a position and/or orientation of the hairs relative to the skin, and a control 

30 system for determining the target position of the focal spot as a function of said position 
and/or orientation, wherein, during operation, the control system adjusts the laser beam 
manipulator into a position corresponding to the target position of the focal spot and, 
subsequently, activates the laser source. In this particular embodiment, the target position of 
the focal spot of the laser beam is automatically determined by the control system, and the 
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control system automatically activates the laser source when having adjusted the laser beam 
manipulator into a position corresponding to the target position. As a result of this automatic 
determination and positioning of the focal spot, the device for shortening hairs is particularly 
suitable for use by non-professional persons, i.e. is particularly suitable for the consumer 
5 market. 

A further embodiment of a device for shortening hairs in accordance with the 
invention is characterized in that, during operation, for each target position the control system 
activates the laser source so as to generate a plurality of laser pulses with the predetermined 
pulse time. Since in this further embodiment the laser source generates a plurality of laser 

10 pulses for each target position, the required energy per pulse is significantly reduced, so that 
the required energy capacity of the laser source is significantly reduced. 

A further embodiment of a device for shortening hairs in accordance with the 
invention is characterized in that, during operation, the control system consecutively adjusts 
the laser beam manipulator into a number of adjacent target positions on an imaginary line 

15 extending through a hair to be shortened transversely to a longitudinal direction of the hair. In 
this further embodiment, an LlOB phenomenon is consecutively effected in each target 
position on said imaginary line, and each LIOB phenomenon causes a local damage or initial 
breakage of the hair, so that the total damage caused by the consecutively effected LIOB 
phenomena causes total breakage of the hair along said imaginary line. 

20 

In the following, embodiments of a device for shortening hairs in accordance 
with the invention will be explained in further detail with reference to the figures, wherein: 

Fig. 1 schematically shows a device for shortening hairs in accordance with 
25 the invention, and 

Fig. 2 shows in detail a target position of a focal spot of a laser beam of the 
device of Fig. I on a hair to be shortened. 



30 In Fig. I, only the main components of a device 1 for shortening hairs 3 

growing from human skin 5 are schematically shown. The device 1 comprises a laser source 
7 for generating a laser beam 9 during a predetermined pulse time. In the embodiment shown, 
the laser source 7 is a pulsed Nd: YAG laser and the generated laser beam 9 has a wavelength 
of 1064 nm. The generated laser beam 9 follows an optical path from the laser source 7 
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towards the skin S via a first mirror 1 1, which is mounted in a fixed position in a housing 13 
of the device 1, an optical system 1 5 comprising a lens system or objective, a laser beam 
manipulator 17 comprising a second mirror 19, and a radiation exit window 21, which is 
provided in a skin contact surface 23 of the housing 13. The optical system 15 focuses the 
5 laser beam 9 into a focal spot 25. The laser beam manipulator 17 comprises an electrical 
driving member 27 which is only schematically shown in Fig. 1 and by means of which the 
second mirror 19 is pivotable about a first pivot axis X, which extends parallel to a surface of 
the second mirror 19 and parallel to the skin contact surface 23, and about a second pivot axis 
Y, which extends parallel to the surface of the second mirror 19 and perpendicularly to the 

10 first pivot axis X. By means of pivotal motions of the second mirror 19 about the first and the 
second pivot axes X and Y, the focal spot 25 is positioned by the laser beam manipulator 17 
in a target position which is determined in a manner described in the following. 

As schematically shown in Fig. 1, the device 1 further comprises an image 
sensor 29 which is mounted in a fixed position in the housing 13 for detecting an image of at 

15 least a portion of the skin 5 with the hairs 3 to be shortened. In the embodiment shown, the 
image sensor 29 is a CCD camera. The device 1 further comprises an image recognizing 
system 3 1 for determining a position and/or orientation of the hairs 3 relative to the skin 5 on 
the basis of an image of the skin 5 generated by the image sensor 29. The target position of 
the focal spot 25 is determined by a control system 33 of the device 1 on the basis of the 

20 position and/or orientation of the hairs 3 relative to the skin 5 as determined by the image 
recognizing system 3 1 . A detailed description of the operation of the image recognizing 
system 31 and the control system 33 is omitted here for the sake of simplicity. However, 
reference is made to WO-A-00/62700. The hair-removing device described therein has a 
similar image recognizing system and control system, and the operation thereof is described 

25 in detail therein. On the basis of said description in WC)-A-00/62700, the person skilled in the 
art will be able to design and adapt the image recognizing system 31 and the control system 
33 so as to be suitable for their purposes in the device 1 . When the target position has been 
determined, the control system 33 adjusts the driving member 27 of the laser beam 
manipulator 17 and, consequently, the second mirror 19 into a position which corresponds to 

30 the target position. Subsequently, the control system 33 activates the laser source 7. As in this 
manner the target position of the focal spot 25 of the laser beam 9 is automatically 
determined by the control system 33, and the control system 33 automatically activates the 
laser source 7 when having adjusted the position of the laser beam manipulator 17, the device 
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1 IS particularly suitable for use by non-professional persons, i.e. is particularly suitable for 
the consumer market. 

As schematically shown in Fig. 2, in the embodiment shown the control 
system 33 determines the target position of the focal spot 25 of the laser beam 9 in such a 
5 manner, that the focal spot 25 is present in a portion of the hair 3 which is present at a 
distance d below the skin surface 35. In the embodiment shown, said distance d is 
approximately 0,1 mm. According to the invention, a dimension of the focal spot 25 and a 
power of the laser beam 9 generated by the laser source 7 are such that, in the focal spot 25, 
the laser beam 9 has a power density which is above a characteristic threshold value for hair 

10 tissue above which, for the predetermined pulse time of the laser beam 9, a laser induced 
optical breakdovw (LlOB) phenomenon occurs in the hair tissue at the location of the focal 
spot 25. Said LIOB phenomenon is used to mechanically break the hair 3 as will be further 
described in the following. 

In general, the LIOB phenomenon occurs in a medium, which is transparent or 

15 semi-transparent for the wavelength of a laser beam, when the power density of the laser 

beam exceeds a threshold value which is characteristic for the particular medium. Below the 
threshold value, the medium has a relatively small linear absorption coefficient for the 
particular wavelength of the laser beam. Above the threshold value, the medium has a 
strongly non-linear absorption coefficient for the particular wavelength of the laser beam, 

20 which is the result of ionization of the medium and the formation of plasma. The LIOB 

phenomenon results in a number of mechanical effects, such as cavitation and the generation 
of shock waves, which damage the medium in positions surrounding the position of the LIOB 
phenomenon. 

Since the laser beam 9 is focused into the focal spot 25, the power density of 
25 the laser beam 9 will have a maximum value in the focal spot 25. As a result, when the power 
of the laser beam 9 is gradually increased, an LIOB phenomenon will first occur in the focal 
spot 25. The dimension of the focal spot 25 and the power of the laser beam 9 are such that 
the LIOB phenomenon substantially only occurs in the focal spot 25. In the embodiment of 
the device 1 according to the invention, the wavelength of the laser source 7 (1064 nm) is a 
30 wavelength for which both the hair tissue and the skin tissue present between the skin surface 
35 and the focal spot 25 are semi-transparent. As a result, absorption and scattering of the 
laser beam 9 by the hair tissue and the skin tissue present between the skin surface 35 and the 
focal spot 25 will be relatively small, so that a relatively large portion of the energy of the 
generated laser beam 9 is used to effect the LIOB phenomenon in the focal spot 25 and 
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hardly any irritation of the skin tissue and damage of the hair tissue present between the skin 
surface 35 and the focal spot 25 occur. It is noted that, in general, the skin tissue present 
immediately below the skin surface 35 is semi-transparent for wavelengths in the range 
between approximately 800 nm and 1300 nm. As a consequence, embodiments of a device 
5 for shortening hairs in positions below the skin surface 35 should preferably have a laser 
source with a wavelength within said range. Preferably, for shortening hairs below the skin 
surface 35 the wavelength is in the range between approximately 1000 nm and 1 100 nm, as 
in the embodiment of Fig. 1, since for wavelengths within said range the linear absorption 
and scattering properties of the hair tissue and the skin tissue immediately below the skin 

10 surface 35 are at a minimum. 

Experiments have shown that the above described mechanical effects, which 
result from the LIOB phenomenon in the focal spot 25 in the hair 3, can lead to breakage of 
the hair 3 or at least to initial breakage of the hair 3 in an area immediately surrounding the 
focal spot 25. In order to achieve an LIOB phenomenon in the focal spot 25, the power 

15 density of the laser beam 9 in the focal spot 25 should be above the characteristic threshold 
value for hair tissue as mentioned before. It is noted that said characteristic threshold value 
for hair tissue is rather close to the threshold value which is characteristic for the occurrence 
of LIOB phenomena in aqueous media and aqueous tissue. Furthermore, said characteristic 
threshold value is dependent on both the value of the wavelength and on the value of the 

20 pulse time of the laser source 7. In particular, the threshold value (W/cm^) decreases when 
the pulse time increases. The skilled person will be able to determine said threshold value by 
means of experiments. 

Experiments have further shown that, in order to achieve that the mechanical 
effects resulting from the LIOB phenomenon are sufficiently strong to cause significant 

25 damage of the hair tissue in the focal spot 25, i.e. to cause at least initial breakage of the hair 
3 in the focal spot 25, a pulse time of the laser source 7 in the order of, for example, 10 ns 
suffices. In the embodiment of the device 1 shown in Fig. 1, the Nd:YAG laser source 7 has a 
pulse time of 8 ns. For a value of the pulse time in the order of 10 ns, the threshold value of 
the power density of the laser beam 9 in the focal spot 25 is in the order of 2*1 0'® W/cm^. 

30 Although this threshold value is enormous, it can be readily achieved for the described pulse 
time with a sufficiently small size of the focal spot 25 and with a total pulse energy of no 
more than a few tenths of a mJ. The required size of the focal spot 25 is in the order of 1 0 
^m, which is substantially smaller than the average diameter of a hair (100 \im) and can be 
realized by means of a sufficiently large numerical aperture of the lens system or objective of 
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the optical system 15. In view of said small amount of total pulse energy, irritation and 
damage of the skin tissue surrounding the hair 3 to be shortened are limited to an acceptable 
level or even substantially completely prevented. Another advantage of the device 1 in 
accordance with the invention is that the device 1 provides an optimum smoothness of the 
5 skin 5 which is maintained for a relatively long time, in view of the fact that the hairs 3 are 
broken below the skin surface 35. 

The invention also encloses embodiments in which the position of the focal 
spot 25 of the laser beam 9 is on or above the skin surface 35, so that the hairs 3 are 
shortened to a length just on or above the level of the skin surface 35. An advantage of such 
1 0 embodiments is that the wavelength of the laser beam 9 does not need to be in a range for 
which the skin tissue, which is present immediately below the skin surface 35, is transparent 
or semi-transparent. In such embodiments, the wavelength of the laser beam 9 should be in a 
range for which only the hair tissue is transparent or semi-transparent. This range is 
substantially wider than the range between 800 nm and 1300 nm mentioned before and lies 
15 between approximately 500 nm and 2000 nm. It is noted that, in embodiments in which the 
hairs are broken above the skin surface 35, better results are obtained if a hair supporting gel 
is applied on the skin 5 before treatment with the device 1 . 

From the foregoing description it is clear that local damage or initial breakage 
of the hair 3 in the focal spot 25 can be achieved with a single pulse of the laser beam 9 
20 having a pulse time in the order of 10 ns and a total amount of pulse energy of no more than a 
few tenths of a mJ. However, in order to achieve complete breakage of the hair 3, a 
significantly higher total amount of energy is required. This can be achieved, for example, by 
means of a single pulse having a significantly higher amount of total pulse energy. This, 
however, requires a relatively high energy capacity of the laser source 7, as a result of which 
25 the dimensions and/or the costs of the laser source 7 may become unacceptably high for a 

product suitable for the consumer market. In the embodiment of the device 1 shown in Fig. 1, 
the total amount of energy required to completely break the hair 3 is provided in that, for 
each target position of the focal spot 25, the control system 33 activates the laser source 7 so 
as to generate a plurality of laser pulses with the predetermined pulse time of 8 ns and a pulse 
energy of 0,2 mJ. In the embodiment shown in Fig. 1, the laser source 7 has a pulse 
frequency of 100 Hz, and the laser source 7 is activated in each target position during a 
period of approximately 50 ms, so that in each target position the laser source 7 will generate 
approximately 5 such laser pulses. In addition, as shown in Fig. 2, for each hair 3 to be 
shortened the control system 33 consecutively adjusts the laser beam manipulator 17 into a 
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number N of adjacent target positions Ti, T2, . , Tn lying at regular intervals on an 
imaginary line 37, which extends through the hair 3 transversely to the longitudinal direction 
Z of the hair 3 at the location where the hair 3 is to be shortened. In this way, the energy per 
laser pulse required to achieve initial breakage of the hair 3 in each target position Ti, Ta, ... , 
5 Tn is limited, so that the required energy capacity of the laser source 7 is limited, and the 
initial damages consecutively achieved by the LIOB phenomena in all target positions Ti, T2, 
. , Tn lead to total breakage of the hair 3 along said imaginary line 37. 

It is noted that local damage of the hairs 3 by means of an LIOB phenomenon 
in the focal spot 25 can also be achieved by means of laser pulses having a predetermined 

10 pulse time which is considerably smaller than the example of 8 ns in the embodiment 

described before. Provided that the laser pulses have a sufficient pulse energy, pulse times in 
the order of pico seconds (10*'^ s) or femto seconds (10**^ s) are also effective to cause local 
damage of the hairs 3, and complete breakage of the hairs 3 can be achieved by a sufficient 
number of pulses in a sufficient number of different target positions in or on the hairs 3. 

15 It is noted that, in the above description of the invention and in the claims, the 

required dimension of the focal spot 25 and the required power of the generated laser beam 9 
are defined in terms of the result to be achieved, i.e. the dimension of the focal spot 25 and 
the power of the generated laser beam 9 should be such that, in the focal spot 25, the laser 
beam 9 has a power density (W/cm^) which is above the characteristic threshold value above 

20 which LIOB phenomena occur in hair tissue. It is however noted that, for a given laser source 
with a predetermined pulse time and pulse energy, the skilled person will be able to 
determine the required dimension of the focal spot on the basis of the pulse time, the pulse 
energy, and the characteristic threshold value of the power density in the focal spot, and that 
the skilled person will also be able to design a suitable optical system which provides the 

25 necessaiy dimension of the focal spot. It will further be obvious for the skilled person that. If 
a laser source is used having a higher pulse energy, the total number of laser pulses required 
to completely break a hair will be reduced. 

It is further noted that the invention also covers embodiments in which the 
device has another kind of optical system for focusing the laser beam into a focal spot. 

30 Instead of a lens system or objective, for example, a curved mirror may be used. The optical 
system may for example comprise a beam expander followed by the lens system or objective, 
which will result in a further reduction of the focal spot size. It is noted that the position of 
the focal spot 25 in a direction perpendicular to the exit window 21 and the skin surface 35 is 
determined by the optical properties of the optical system 15 and by the position of the 
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10 

optical system 15 in the optical path between the laser source 7 and the exit window 21. Said 
position of the focal spot 25 determines the length of the hairs 3 after being shortened. It is 
noted that a device in accordance with the invention may be additionally provided with an 
actuator for adjusting said position of the optical system 15 or with a device for adjusting the 
5 optical properties of the optical system 1 5, so that the position of the focal spot 25 in said 
direction perpendicular to the skin surface 35 may be manually or automatically adjusted. It 
is finally noted that the invention also covers embodiments in which the laser beam 
manipulator and/or the laser source are not automatically controlled by a control system 33, 
but are to be operated and controlled by a professional operator of the device. 



